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Abstract 
Is it possible to recognize source types of emissions using isotopic ratios in reactive-nitrogen (Nr)-bearing air species collected 
several kilometers downwind from their sources? The δ15N values present the potential for fingerprinting sources of atmospheric 
Nr, whereas the δ18O and δ17O results may bring insights on transformation processes. Here we have sampled NH4+, NOx and 
HNO3, NO3- in areas downwind from six sources in Alberta, Canada: coal-fired power plants, beef/pork feedlots, an oil 
upgrader/refinery complex, chemical industries, gas compressors and city traffic. The samples were prepared using chemical 
conversion and thermal protocol to produce N2O, later analyzed to simultaneously obtain δ15N, δ18O and δ17O values using a 
gold-furnace pre-concentrator online with an IRMS. Integrating the data obtained so far will help evaluate the possibility of 
fingerprinting these Albertan sources and of inferring reactions affecting N-species along their transport trajectories. 
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1. Introduction 
Characterizing isotopic values of reactive N (Nr) in air is a critical research field with important implications for 
assessing sources of nitrogen deposition to the surface. The δ15N values may help fingerprinting some sources of 
atmospheric N species, whereas the δ18O and δ17O ('17O) values may reflect transformation pathways after 
emissions of NOx (nitrogen oxides). Isotopic differences may exist between Nr species from high-temperature 
stationary sources, and those from low-temperature mobile sources (vehicle traffic)1. Therefore isotopic differences 
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are expected for Nr samples collected from Albertan sources with different thermal regimes and fueled with 
compounds of different δ15N values such as gas and oil2. 
We have sampled NH3, NH4+, NOx and HNO3, NO3- under the forms of gas, precipitation and aerosols in 
selected areas downwind from 6 different N-species sources: coal-fired power plants, beef/pork feedlots, oil 
upgrader/refinery, chemical industries, gas compressors and city traffic. Our goal is to assess whether air Nr 
emissions can be attributed to some of these sources even if Nr was collected several kilometres downwind from 
them. This characterization effort may eventually help understand the N-cycle of western Canada forests exposed to 
anthropogenic Nr emissions.  
2. Methodology 
2.1. Sampling air in six different emission contexts  
Atmospheric samples of nitric oxide (NO), nitrogen dioxide (NO2), nitric acid (HNO3), ammonia (NH3), particulate-
nitrate (NO3-), particulate-ammonium (NH4+), and nitrate (NO3-) and ammonium (NH4+) in precipitation were 
collected in Alberta for isotopic characterization. The nitrogen species in air were collected on filters (and, in the 
case of NO, on coated powder) and the precipitation samples were collected in a wet-only precipitation chemistry 
collector. Both the air sampling system and the precipitation chemistry collector sampled only when the wind 
direction was from the targeted source area (i.e., sector-based sampling). The sector-based sampling system was 
located downwind of the sources, assuming that the mass loadings on the filters, powders and precipitation samples 
were representative of the targeted emissions with a negligible contribution from background air. 
Four long-term sampling campaigns were undertaken to collect air and precipitation samples that were 
representative of six different N source types including: i) small natural gas compressor stations (50 NOx emitters) 
and (ii) cattle intensive feedlots (about 65 beef and pork NH3 emitters), within 20 km of the sampling system located 
near Vauxhall, north of Lethbridge; (iii) an oil upgrader/refinery complex (9-15 km) and (iv) chemical plants, other 
refineries and manufacturers (2-5 km) near Fort Saskatchewan; (v) road traffic/urban emissions (10 m - 20 km) in 
the city of Edmonton (Terrace Heights); and (vi) three coal-fired power plants (CFPP) SW of Edmonton near 
Genesee (12-35 km). The four sampling campaigns took place between February 9th, 2010, and January 20th, 2014. 
Sequentially in the air sampling system, ambient particulate nitrate and ammonium were collected on Teflon filters, 
HNO3 on nylon filters, ammonia gas on citric acid-impregnated cellulose filters, NO2 on a powder coated with an 
absorbing solution proprietary to Maxxam Analytics International Corporation (Edmonton), and NO was collected 
on filters impregnated with a special NOx-absorbing solution also proprietary to Maxxam Analytics International 
Corporation (it was assumed that only NO was absorbed on these filters as most NO2 was scrubbed by the upstream 
NO2-absorbing powder). Four replicate air-sampling systems and one precipitation collector were operated during 
every sampling period and several sampling periods were run at each location. The length of the sector-based 
sampling periods at each site varied depending on the frequency of winds in the target sector and the estimated 
number of hours required for collecting sufficient mass for isotopic analyses. After collection, all samples were kept 
frozen until extraction was carried out using protocols adapted for each filter.  
2.2. Isotopic analyses  
We characterized the six types of N species described in section 2.1 with triple isotopic ratios (δ17O, δ18O and δ15N) 
and/or nitrogen isotopes (δ15N). We treated the samples with the chemical conversion and thermal decomposition of 
N2O protocols, providing the ability to simultaneously analyze low-concentration N- and O-containing species3. 
Although different preparation steps were involved depending on the analyte, they all yielded N2O as the final 
product. All extracted N2O was analyzed with the pre-concentration/gold furnace-IRMS system developed at the 
Geological Survey of Canada3. This approach allows δ15N values in atmospheric ammonium/ammonia to be 
analyzed, and the spectrum of δ15N, δ17O and δ18O ratios from nitrate, nitric acid and nitrogen oxides to be 
determined in samples containing as little as 35 nmol. The analytical precision (average of replicates) was 0.8, 0.7 
and 0.6‰ for δ15N, δ17O and δ18O results, respectively. 
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3. Results and preliminary interpretation 
As a preliminary summary with all sources and sites considered, the average δ15N values were -18.3‰ in gas 
(n=60), -4.4‰ in precipitation (n=10), and +14.61‰ in aerosols (PM; n=31) for NH3/NH4+, whereas these values 
were -1.0‰ in gas (n=32), -1.6‰ in precipitation (n=7), and +4.1 ‰ in aerosols (PM; n=21) for HNO3-/NO3-. We 
have not yet determined the statistical significance of these differences (work in progress). Nevertheless, the lightest 
isotopic values for ammonium relative to nitrate are common in wet samples, and are generally attributed to washout 
of NH3 during precipitation events4. In all cases, the CFPP and upgraders area showed the lightest average NH4+ 
δ15N values (Table 1). All sources considered, precursor molecules (NO and/or NO2) had lower δ15N values than the 
secondary NO3- products in the form of gas, precipitation and aerosols (Table 1). 
 
Table 1. Average δ15N values (‰) for N-bearing species sampled as gas, 
precipitation (precip) and particulate matter (PM); (n): number of samples characterized. 
Matrix Gas Precip PM Gas Gas Precip PM 
Source NH3 or NH4+ NO NO2-  HNO3 or NO3- 
CFPP  -29.3 -14.3 10.8 -10.9 -8.6 5.1 -2.0 6.9 
  (6) (2) (4) (2) (3) (6) (4) (5) 
Feedlots -15.3 - - - - - - - 
  (8)         
Upgraders  -31.3 -11.2 15.2 -7.3 -10.9 -4.8 1.2 10.8 
  (4) (1) (1) (8) (10) (2) (1) (4) 
Industries -15.1 -7.0 12.2 - -10.8 -5.4 -8.0 -2.1 
  (15) (2) (15)   (6) (11) (2) (9) 
Gas Compr - - 27.7 - -15.0 0.8 - 3.1 
    (3) (4) (2) (3) 
Urban/Traffic -15.5 -12.2 17.1 -10.0 -8.7 0.5 -2.4 5.1 
  (16) (2) (4) (8) (9) (11) (2) (8) 
CFPP: coal-fired power plants. Gas comp: gas compressors. NO: assumed NO as NOx minus NO2. 
 
The δ15N and δ18O values in precipitation NO3- varied from –12.1 to 1.2‰, and 67.4 to 71.4‰, respectively, and 
they agreed with general ranges previously reported4 (see Tables 1 and 2 for average per source type).  
 
Table 2. Average oxygen isotopic ratios for NO3- sampled as gas (HNO3), precipitation (precip) and 
particulate matter (PM); (n): number of samples characterized. 
Matrix Gas Precip PM Gas Precip PM Gas Precip PM 
Source δ18O δ17O '17O 
CFPP  70.3 66.1 71.4 62.4 60.1 64.6 25.5 25.4 27.1 
  (6) (4) (5) (6) (4) (5) (6) (4) (5) 
Feedlots - - - - - - - - - 
Upgraders  63.2 71.4 69.5 52.5 63.1 60.3 19.7 26.0 24.5 
  (2) (1) (4) (2) (1) (4) (2) (1) (4) 
Industries 49.0 61.9 55.7 44.3 53.9 48.5 18.6 21.4 19.2 
  (11) (2) (10) (11) (2) (10) (11) (2) (10) 
Gas Compres 65.0 - 63.1 58.7 - 59.5 24.5 - 26.4 
  (2) (3) (2) (3) (2) (3) 
City/Traffic 62.7 67.2 57.5 53.5 59.7 52.1 20.6 24.4 21.9 
  (11) (2) (8) (11) (2) (8) (11) (2) (8) 
CFPP: coal-fired power plants. Gas comp: gas compressors. 
 
At this preliminary stage of data integration, the most conspicuous feature of the data for Alberta is that the δ15N, 
δ18O and '17O values of HNO3 collected downwind of the upgrader/refinery and coal fired-power plants (CFPP) 
represent the lowest and highest end-members of the isotopic spectra, respectively (Fig. 1). The HNO3 values 
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obtained for samples collected downwind from the gas compressors and city traffic fall in between these two end-
members (Fig. 1). This trend may reflect the original range of δ15N values in the respective NOx sources, with the 
most positive values related to CFPP, and the most negative ones, to cars. Note that the results obtained for the 
chemical industries forming two clusters possibly reflect the varying dominance of the two main sources 
contributing to the loading at the sampling site of Fort Saskatchewan, namely petroleum refineries and urban traffic. 
All gas, precipitation and aerosol nitrate samples have δ18O and δ17O ('17O) values above +65 and +40‰ (15‰), 
respectively (Table 2). As expected given the characterization of the atmospheric processes by previous studies, the 
δ18O-NO3_ values do not appear to maintain a NOx-source signature. The high nitrate δ18O and δ17O ('17O) values 
likely reflect NOx oxidation mediated by tropospheric ozone (O3), a molecule affected by mass independent 
fractionation.5-6  
 
 
Fig. 1. Results (‰) obtained for nitric acid (HNO3; nylon filters): (a) '17O as a function of δ15N values; (b) '17O as a function of δ18O values. 
After integrating and examining the whole suite of isotopic and chemical data collected in the course of this project, 
the research will include sampling and analyzing Nr-bearing samples from the Vermillion site, 160 km east of 
Edmonton, with dominant emissions coming from metropolitan Edmonton, and characterizing natural sources such 
as lightning, biomass burning, mineral dust aerosols and biogenic soil emissions. 
Acknowledgements 
The authors are grateful for the technical support provided by Marie-Christine Simard, Jade Bergeron and Joëlle 
Marion of the Geological Survey of Canada, and by Syed Iqbal, Rachel Mintz, Daniel McLennan, and Matthew 
Parsons of Environment Canada. This research has been financially supported by the CARA program of 
Environment Canada, and the Environmental Geoscience program of Natural Resources Canada.  
References 
1. Elliott, EM, Kendall, C, Boyer, EW, Burns, DA, Lear, GG, Golden, HE, Harlin, K. et al. Dual nitrate isotopes in dry deposition: Utility for 
partitioning NOx source contributions to landscape nitrogen deposition, J Geophys Res 2009; 114: G04020. 
2. Widory, D. Nitrogen isotopes: tracers of origin and processes affecting PM10 in the atmosphere of Paris. Atm Env 2007; 41: 2382–90. 
3. Smirnoff, A, Savard, MM, Vet, R, Simard, M-C. Nitrogen and triple oxygen isotopes in near-road air samples using chemical conversion and 
thermal decomposition. Rap Comm Mass Spect 2012; 26: 2791-804. 
4. Kendall, C, Elliott, EM, Wankel, SD. Tracing anthropogenic inputs of nitrogen to ecosystems. In: Michener, R., Lajha, K. (Eds.), Stable 
Isotopes in Ecology and Environmental Science, 2nd ed. Mailden: Blackwell Publishing; 2007. 
5. Michalski, G, Scott, Z, Kabiling, M, Thiemens, MH. First measurements and modeling of delta O17 in atmospheric nitrate. Geophys Res Lett 
2003; 30; 1870. 
6. Jarvis, JC, Steig, EJ, Hastings, MG, Kunasek, SA. Influence of local photochemistry on isotopes of nitrate in Greenland snow, Geophys 
Res Lett 2008; 35; L21804. 
